1duosnue JIoyiny vA 1duosnue Joyiny wA

1duosnue Joyiny vA

U.S. Department of Veterans Affairs
Public Access Author manuscript
Top Stroke Rehabil. Author manuscript; available in PMC 2018 February 07.

Published in final edited form as:
Top Stroke Rehabil. 2017 September ; 24(6): 463-471. d0i:10.1080/10749357.2017.1292720.

Skeletal muscle changes following stroke: a systematic review
and comparison to healthy individuals

Jennifer L. Hunnicutt’® and Chris M. Gregory
Health Sciences and Research, Medical University of South Carolina, Charleston, SC, USA

Abstract

Background—Despite extensive study of the impact of stroke on muscle and functional
performance, questions remain regarding the extent to which changes are due to the neurological
injury vs. age-related loss of morphology and force production.

Objectives—To synthesize available evidence describing post-stroke changes in lower extremity
muscle size and strength compared to healthy adults.

Methods—Scientific literature was searched up to April 2016 to identify studies that included
lower extremity muscle size and strength measures in individuals with chronic stroke. Lower
extremity muscle size and strength data from healthy controls were sought for comparison.
Relative differences were calculated between paretic, nonparetic, and control limbs.

Results—Fifteen studies with 375 participants (61% male; age = 62 + 5 years; time since stroke
=60 + 42 months) were included. The paretic limb exhibited deficits of ~13% in thigh muscle
size, ~5% in lower leg muscle size, and ~8% in lean leg mass compared to the nonparetic limb.
Paretic plantarflexor and knee extensor strength were 52 and 36% lower, respectively, compared to
the nonparetic limb. When compared to age-matched control data, both paretic and nonparetic
limbs showed deficits in muscle size and strength.

Conclusions—Age-related differences support the impact of stroke-related sarcopenia as a
contributor to hemiparetic muscle dysfunction. Understanding these muscular changes is
necessary for designing appropriate exercise interventions aimed at restoring muscle function.
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Introduction

Post-stroke muscular dysfunction is likely a multi-factorial phenomenon that includes
contributions from decreased descending drive and disuse (reduced physical activity and
compensatory motor patterns) that lead to muscle atrophy and weakness. The fact that stroke
is often associated with advanced age has also brought recent attention to the potential
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Methods

impact of aging on hemiparetic muscle. These post-stroke skeletal muscle adaptations have
even been referred to as “stroke-induced sarcopenia.”! Sarcopenia, the age-related loss of
muscle mass and function, is recognized as a diagnosable and treatable condition in aging
adults, while it has more recently become a focus in the evaluation and treatment of
individuals following stroke. Given the nature of neurological insult, the prevailing notion is
that muscle recruitment (i.e. central activation) are predominately responsible for weakness
post-stroke. However, muscle atrophy has also been shown to be a contributing mechanism
underlying hemiparetic weakness.2= In a clinical point of view, paretic muscle atrophy
strongly correlates with decreased gait speeds and reduced fitness levels in individuals
following stroke.# Despite this information, current clinical practice guidelines fail to
adequately address the peripheral muscle adaptations post-stroke, thus clinicians often fail to
emphasize attenuation of muscle atrophy in rehabilitation.>-6

Normative data to describe age-related changes in skeletal muscle exist in healthy adults,
while the concept of stroke-related sarcopenia is relatively new. Across all individuals, both
muscle power and strength decline around the age of 40 years, with power decreasing earlier
and more rapidly.” In older adults, normative data reveal that muscle mass decreases ~0.1 kg
per year.8 A previous systematic review® demonstrated that individuals following stroke
experience loss of muscle mass in both the paretic and nonparetic limbs, but little is known
about how these losses compare to those of neurologically healthy age-matched adults. The
lack of available knowledge regarding changes in muscle mass and their relationship to
weakness and function, all of which are criteria in the diagnosis of sarcopenia,’? represents a
significant deficiency in the scientific literature. Therefore, the purpose of this systematic
review is to synthesize available evidence describing post-stroke changes in lower extremity
muscle size and strength compared to healthy adults.

Literature search methods

This systematic review is based on a search of scientific literature from their inception up to
April 2016 of the following databases: PubMed/Ovid, CINAHL, Scopus, and Cochrane.
Medical subject headings and CINAHL headings, as well as appropriate search teams, were
applied. The following is the search used in PubMed: (“stroke” [Mesh]) AND (“muscle
strength” [Mesh] OR “muscle weakness” [Mesh] OR “muscle strength dynamometer”
[Mesh]) AND (“muscles” [Mesh] OR “muscle mass” OR “sarcopenia” [Mesh] OR
“muscular atrophy” [Mesh]). The search was further limited to the English language and
human subjects.

Eligible studies

Once duplicate articles were deleted, titles and abstracts were screened by two independent
reviewers. Full-text articles were retrieved and reviewed by two independent reviewers for
selection reliability. After identifying articles, references were checked for additional
relevant studies. Inclusion criteria were the following: (1) Studies included participants of
any age who were in the chronic (>6 months) phase of stroke. (2) Studies reported a muscle
size (i.e. muscle mass, cross sectional area, volume, thickness) measure of the lower
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extremity. (3) Studies reported a strength measure of the lower extremity. Any study design
was considered, and intervention studies were included if they contained baseline measures
of a treatment group and/or a stroke control group.

Data extraction and analysis

Study characteristics, patient demographics, muscle size measures, and muscle strength
measures were extracted from each study. For continuous variables, the means and standard
deviations were extracted. Muscle size and strength data from healthy control subjects were
also extracted in order to make comparisons to the stroke participants. When control data
was not available for comparisons, normative data from the literature for muscle size811-15
and strength®16 were sought in order to compare paretic and non-paretic muscle size and
strength measures to reference data. Muscle size and strength reference data of youngerl’
and older® non-stroke adults were compared to the stroke data of this systematic review to
examine the concept of stroke-related sarcopenia. Finally, correlations between muscle size
and strength measures were also extracted from studies. The strength of correlations was
categorized as low (<0.25), fair (0.25-0.49), moderate to good (0.50-0.74), and good to
excellent (>0.75).18 Corresponding authors of the included studies were contacted in cases
when relevant data could not be extracted.

To assess risk of bias in individual studies, we used two tools, both recommended by the
Cochrane Handbook. The Risk of Bias Assessment Tool® was used for randomized trials
and the Newcastle-Ottawa Quality Assessment Scale?? was used for observational studies.
With the Newcastle—Ottawa Scale, two items (“case definition” and “ascertainment of
exposure”) were customized to the stroke population and the research question at hand. For
the item, “Is the case definition adequate?” a star was given when studies included data on
type and location of stroke (i.e. more information than just the participants self-reporting
occurrence of stroke). For the item “ascertainment of exposure,” a star was given if there
was any blinding to study aim(s), cohort allocation, or side of paresis. Level of evidence was
reported for each of the included studies, using the Oxford Centre of Evidence- Based
Medicine (CEBM) table.2! The Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines were used throughout the development of this review.
22

Results

Inclusion of studies

The database search revealed 702 references. After removing duplicates, screening titles/
abstracts and full-texts, and searching references, 15 studies were identified for inclusion in
this review. (Figure 1) Upon screening titles and abstracts, the primary and secondary
reviewers had a 99% agreement. These reviewers achieved a 100% consensus for full-text.
Two studies?324 in this review utilized the same subjects, whose demographic data are
represented only once in this systematic review.
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Quiality of studies

Based on the criteria from the Centre of Evidence-Based Medicine, one study (randomized
controlled trial) represents Level 1, eight studies (case-controls) represent Level 3, and six
studies (five cross-sectional [no controls] and one non-controlled trial) represent Level 4.
(Table 1) Muscle size measures are primary outcomes in 14 of the included studies. Due to
the inclusion of various study designs, risk of bias is high. (Tables 2 and 3) The lack of
blinding is also a limitation across several studies, and many25-28 have incomplete outcome
data specific to the research questions of this review. Control subjects were adequately
defined in all case-control studies and matched to stroke subjects by one or more factor (i.e.
age, sex, BMI) in most case-control studies.

Participant characteristics

In total, there were 375 stroke participants (sample size range: 7-74), representing 61% male
and 39% female. The average age of the participants was 62 years (range: 52—72 years), and
time since stroke was 60 months (range: 14-172 months).

There were also 84 healthy controls in the studies with a mean age of 56 years (range: 38-71
years). The subjects of the included studies represented many different countries to include
Brazil, Canada, Spain, Sweden, Switzerland, and the United States. All post-stroke subjects
had hemiparesis and were in the chronic phase, as indicated by time since stroke values.
Participant level of function was not reported in a consistent, comparable manner across
studies. Most studies described stroke participants as mid-to high-functioning, independent
walkers, which is evident given gait speeds averaging 0.78 m/s from five included studies,
23,29-32 g-Mlin Walk Tests averaging 387 m in three of the included studies,2%:33:34 and Berg
Balance Scale averaging a total score of 40/56 in four of the included studies.29-31:35.36

Muscle size measures

Several different tools were used in the studies to measure muscle size including: CT, MRI,
ultrasonography, and DEXA scans. The midthigh and lower leg musculature were most
often measured. Additionally, the lower extremity as a whole was examined in three studies.
29,3337 Relative differences were calculated as the muscle size of the paretic limb divided by
the muscle size of the nonparetic limb, then multiplied by 100%. The lean mass of the
paretic leg was an average of 92% (range: 87-95%) of the lean mass of the nonparetic leg.
The paretic thigh muscle size was an average of 87% (range: 76-101%) and the paretic
lower leg muscle size was an average of 95% (range: 80-104%) of the nonparetic muscle
size. Specific muscle size values could not be extracted in three2>:27.28 of the 15 studies, two
of which used MRI and one ultrasound. (Table 1).

Post-stroke muscle size measures were also compared to control data. (Figure 2) When no
control data from included studies were available/extractable, reference data from the
literature were found. Subjects from reference literature were age-matched (10 years) to
subjects in the studies of this systematic review. This reference data come from studies with
similar methods to the included studies in this systematic review. (CT,812.38 MR],13.14
Us!1.15) Relative differences were calculated as stroke limb muscle size divided by control
limb muscle size, then multiplied by 100%. (Figure 2).

Top Stroke Rehabil. Author manuscript; available in PMC 2018 February 07.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Hunnicutt and Gregory Page 5

Strength measures

Dynamometry, used in 14 out of the 15 included studies, was the primary tool used to
measure muscle strength. The most examined muscle group was the knee extensors for both
isometric and isokinetic dynamometry, measured in 10 of the included studies,22:28.29.31-37
Other muscle groups measured include knee flexors and ankle plantarflexors and
dorsiflexors. Maximal voluntary isometric contractions were executed in the protocols of
nine of the 15 included studies. Relative differences were calculated as paretic limb strength
divided by the nonparetic limb strength, then multiplied by 100%. The paretic knee extensor
strength was an average of 64% (51-87%) of the nonparetic knee extensor strength. Paretic
knee flexor strength was an average of 65% (46-85%), paretic dorsiflexor strength was an
average of 65% (59-70%), and paretic plantarflexor strength was an average of 48% (39—
58%) of the nonparetic strength. Despite similar tools, researchers used many different
methods and muscle groups to attain strength values, which prevented combination of data
across all studies. In addition, units of measurement varied between studies. For example,
force (N) is often reported, instead of torque (Nm). (Table 1).

Knee extensor strength values were compared to control data (when available) or age-
matched (£10 years) reference values. (isometricl6 and isokinetic8) The reference data
comes from studies with similar methods to those used in the included studies of this
systematic review. Relative to the age-matched control data, paretic and nonparetic knee
extensor strength exhibited deficits. (Figure 3).

Although muscle power generation was not one of the primary outcomes of this systematic
review, it was measured in two of the included studies,28:31 and the paretic knee extensor
power generation was an average of 57% of the nonparetic side (56% from Silva-Couto, et
al.31 and 58% in Prado-Medeiros, et al.30).

Age-related comparisons

The paretic limb exhibits significant deficits in muscle size and strength when compared to
data from adults that are =10 years older than the sample of stroke subjects included in this
analysis. (Figure 4) For strength, the nonparetic limb exhibits values near that of the older
adults. Additional normative data of young adults (age: 31 years) was included to illustrate
the deficits of stroke muscle size and strength in both limbs.

Relationships between muscle size and strength

Correlations between muscle size and strength were reported in nine of the 15 studies, with
r~values widely ranging from 0.25 to 0.81. (Table 1) More specifically, the correlation
coefficients averaged 0.58 for relationships between knee extensor strength and thigh muscle
size, indicating a moderate relationship between these two variables. This r~value is larger
than reported (r= 0.37) in a study of 2,647 non-stroke adults averaged 62 years of age,1® the
same average age of the stroke participants included in this study. For the relationship
between plantarflexor size and strength, correlation coefficients averaged 0.49, indicating a
fair relationship.
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Discussion

The purpose of this systematic review was to present data from current literature on lower
extremity muscle size and strength in individuals post-stroke and to compare the data to age-
matched muscle. The results revealed that the paretic limb undergoes substantial reductions
in muscle size and strength. Importantly, the nonparetic limb also adapts following stroke
when compared to age-matched muscle. The results of this study support the implementation
of exercise interventions to reverse the muscle size and strength losses that occur in both the
paretic and non-paretic limbs.

Interestingly, both limbs exhibit deficits in muscle size and strength in the included sample
that is an average of 60 months post-stroke. This is considered to be the chronic phase of
stroke. By only including studies with participants in the chronic phase of stroke, the chance
that neurological recovery is continuing to occur has been decreased. In clinical and
scientific settings, the nonparetic limb is often considered to have similar size and strength to
healthy muscle, however, the results of this systematic review suggest this is not the case. A
systematic review by English et al.? revealed similar results of stroke subjects experiencing
significantly less regional muscle mass bilaterally compared to healthy adults. The weakness
and atrophy observed in both limbs are likely contributed to by both disuse and decreased
descending drive via ipsilateral and contralateral pathways. It is often accepted that
hemiparetic weakness is largely attributed to impaired central (cortical) activation, however
Miller et al.3% demonstrated that central activation deficits could not entirely explain bilateral
weakness. With the use of higher resolution imaging techniques, there is more valid support
for muscle atrophy as a mechanism underlying hemiparetic weakness,*° though its
importance in explaining recovery remains unknown. It is imperative to include age-matched
controls in stroke rehabilitation research trials rather than comparing inter-limb differences,
which have the potential to underestimate the impact of stroke on muscle.

An often stated goal of individuals with stroke is to increase walking speed.?! The
correlations of paretic muscle atrophy2%34 and bilateral weakness?® with slower gait speeds
validates them as appropriate targets in gait interventions. More specifically, deficits in
plantarflexor function explain approximately 67% of variance in gait speeds*? and limit
propulsion of the body forward during walking. Further, strength of the paretic
plantarflexors more strongly correlates to gait dysfunction than the paretic knee extensors.*3
The results of this systematic review reveal greater declines in plantarflexor size and strength
than knee extensor size and strength. The post-stroke participants in the included studies had
paretic plantarflexor strength deficits that averaged of 52% (much greater than the paretic
knee extensor deficits that averaged 36%). Knowing that a 1-2% deficit in strength between
dominant and non-dominant limbs is normal in healthy middle-aged adults,*445 individuals
with stroke show excessive imbalances between limbs. These imbalances present clinically
concerning consequences that may manifest as asymmetric motor patterns (e.g. gait).*®
Clinicians often strive to improve symmetry through gait interventions, however, significant
strengthening (such as in evidence-based review by Pak and Patten“9) to address bilateral
muscle atrophy and weakness may need to precede standard functional training if optimal
gains are desired.
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Although muscle power was not one of the primary outcomes in the search criteria, this
systematic review made apparent the lack of data on muscle power following stroke. Only
two studies?®:31 had extractable muscle power data. The relative power deficits (43%) of the
knee extensors are greater than their strength deficits (36%), which is consistent with
previous literature.#” Just as with muscle size and strength, asymmetries of muscle power
between limbs were present in the data of this systematic review. Dawes et al.#! found that
leg extensor power asymmetry post-stroke was more strongly correlated to decreased gait
speeds and step lengths. Literature of the older adult population demonstrates that power
accounts for more of the variance in functional ability than muscular strength.#8-50 Although
few longitudinal data exist to describe loss of muscle power after stroke, we do know that it
declines at a greater and faster rate than strength in aging adults.” In non-stroke older adults,
training to improve muscle power generation appears to enhance functional outcomes (gait
speed, timed-up-and-go, etc.) to a greater extent than traditional strength training.>? Initial
studies with stroke participants have shown the potential for a power training intervention to
improve not only muscle power generation, but also strength and gait speed.52‘55 Power
training may provide a more appropriate alternative to strength training to prevent age-
related declines in both muscle power and strength.

This systematic review is not without limitations: (1) the lack of concordant methods across
studies prevented inclusion of all muscle size and strength values in the analyses, therefore,
relative differences were calculated in effort to provide quantitative results. (2) The included
studies had an overall high risk of bias. Many studies had missing outcome data, specific to
the research question. In other cases, muscle size and strength were not the primary outcome
measures of the included studies, thus the results should be interpreted with this in mind. (3)
The participants included in the studies of this systematic review represent the mid- to
higher functioning stroke population as evidenced by demographic data. Inclusion of only
high-functioning individuals is a common theme in stroke rehabilitation research that limits
generalizability. (4) None of the included studies measured muscle size as total body skeletal
muscle mass, which is the outcome recommended by the European Sarcopenia Working
Group.10 This hinders the comparison of muscle size in stroke participants to large-scale
sarcopenia studies, such as the study by Janssen et al.5® that designated sarcopenia cut-off
points in a cohort of 14,818 older adults. (5) Lastly, by including “AND” between
morphological and strength parameters in the search strategy, we may have missed some
research studies. However, the intent of this review was to capture studies that evaluated
both muscle size and strength, since both are included in the definition of sarcopenia.

Conclusions

The changes in muscle size and function following stroke have previously been termed
“stroke-induced sarcopenia,”! or more recently “stroke-related sarcopenia.”®’ Awareness of
sarcopenia, in general, has increased in older adults, as the population’s life expectancy
continues to rise. More recent attention has been given to sarcopenic-like effects after stroke,
with more and more individuals surviving strokes and living longer.58 The hope is that these
survivors will live long and functionally independent lives. In summary, this systematic
review reveals that both limbs exhibit deficits in muscle size and strength when compared to
age-matched non-stroke data. Comparisons to normative data of older and younger adults
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without stroke expose the severe deficits in muscle size and strength in the paretic limb. As
individuals with stroke get older, muscular function in both limbs may continue to decline,
perhaps at greater rates than individuals without stroke. Future research should compare
stroke subjects to age-matched controls across the age continuum to differentiate the
cumulative impact of the neurological insult and aging on skeletal muscle. Implications for
resistance training are suggested throughout this review given the potential to reverse these
muscular declines.
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database searching
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Full-text articles assessed
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Studies included in
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Figure 1.
Flow of studies through the review.
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Figure 2.

Paretic and nonparetic muscle size relative to control muscle.

Notes: Paretic and nonparetic muscle size values were divided by control data from included
studies or normative data from the literature (CT,812:38 MRI,13.14 Us11.15) to calculate
relative differences. Different muscle groups in the same set of subjects are represented in
the two studies by Klein, et al.23:24
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Paretic and nonparetic knee extensor strength relative to control muscle.
Notes: Paretic and nonparetic knee extensor strength were divided by control data from
included studies or age-matched normative data®16 to calculate relative differences.
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Figure 4.
Age-related comparisons. Notes: Black bars represent stroke data analyzed within this

systematic review leg lean mass2%:33:37 and knee extensor torque.2%:29:32.34-37 Gray bars
represent normative data from the literature for healthy muscle of young (31 years)!’ and
older (74 years)® adults.
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